Background and Aims: Childhood-onset ulcerative colitis [UC] requires total colectomy in onequarter of patients at some point of their disease. The study objective was to evaluate long-term outcomes after proctocolectomy with ileoanal anastomosis [IAA] for paediatric UC. 
Introduction
Ulcerative colitis [UC] is a disease with rapidly increasing incidence and tendency towards a more aggressive course in the quarter of patients presenting with childhood-onset UC. 1 Despite constantly evolving medical management options, 2 24% of patients still need surgery at some point of their lifelong disease. 3 Proctocolectomy with ileoanal anastomosis [IAA] and pouch reconstruction have become the procedure of choice for UC in both children and adults, and carries good long-term outcomes. 4, 5 Nevertheless, postoperative pouch failure occurs in 5-10% of adult patients and in up to 14% of children, and frequently leaves the patient with a permanent ileostomy. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] On the other hand, the long-term functional outcomes among children are similar to those of adults, 5, 6, [16] [17] [18] and after IAA surgery, most children with UC are able to wean off corticosteroid and immunomodulatory medications as well as to experience significant improvements in quality of life, growth, and nutritional status. 10, 18 Despite improving understanding of inflammatory bowel disease [IBD] characteristics and careful patient selection for IAA procedures, a preoperative diagnosis of UC will later turn out to be Crohn's disease [CD] in a minority of patients. Postoperative CD occurs in 2-4% of adults [13] [14] [15] and in some series in up to 30% of paediatric patients, [8] [9] [10] [18] [19] [20] [21] and relates to significantly worse functional outcomes as well as increasing the risk for pouch failure. [13] [14] [15] 22 In addition, up to half of patients undergoing IAA require reoperations for either surgical complications or bowel obstruction. 7, 8, 23 Postoperative abscesses, fistulas, and strictures occur in up to onethird of paediatric patients, and some studies have found such complications to increase the risk for ending up with an ileostomy. [5] [6] [7] [8] [9] [10] 17, 18 Preoperative identification of patients at risk for CD or pouch failure remains very challenging, and studies evaluating their predictors among children are frequently limited by their short follow-up periods and 16, 18 small patient samples, 17 as well as involvement of young adults who may present with different disease characteristics and outcomes compared with children. 6, [8] [9] [10] The purpose of this study was to evaluate single-centre long-term outcomes after proctocolectomy with IAA for paediatric UC, focusing on pouch failure and its predictors, postoperative CD occurrence, surgical complications, and functional outcomes.
Materials and Methods

Patients and data collection
All patients who underwent proctocolectomy with IAA in Helsinki University Children's Hospital [Helsinki, Finland] between 1985 and 2016 were included in this study. Patients' medical records were retrospectively reviewed for diagnostic details, disease history, operative details, the occurrence of postoperative strictures, leakages, abscesses, fistulas, and relaparotomies, as well as for postoperative diagnosis of CD and pouch failure. Data on bowel function and pouchitis episodes were collected from medical records at time of latest follow-up or before abandoning IAA. Follow-up time extended from surgery to latest follow-up in the Helsinki University Hospital.
In accordance with Finnish legislation, no approval by an ethical committee or informed consent is required for registry-based studies done without contacting the study subjects.
Outcome variables
The primary outcome measure pouch failure was defined as presenting with an ileostomy at the latest follow-up. The diagnosis of postoperative CD was based on a comprehensive evaluation of the histopathological, endoscopic, and clinical disease characteristics by experienced paediatric or adult gastroenterologists, surgeons, and pathologists. The diagnostic criteria for CD included typical clinical symptoms, intestinal histopathology and endoscopic findings or exceptionally severe perianal disease with recurrent fistula formation in the absence of surgical complications. The occurrence of postoperative leakages, abscesses, fistulas, and strictures, as well as postoperative haemorrhages and occlusions requiring laparotomy, were recorded. Anastomotic stenosis dilated at least twice was considered a stricture. Inflammation in the pouch was defined as pouchitis if the patient was symptomatic and had therefore been prescribed antibiotics during the year preceding the follow-up. Occurrence of faecal accidents was registered as severe incontinence, and scarce or rare staining of underwear was considered mild incontinence. Patientreported defaecation frequencies were registered.
IAA surgery
Proctocolectomy and IAA with placement of a diverting ileostomy were primarily performed during the same surgery unless the patient's condition warranted three-stage surgery with a separate colectomy. Transanal mucosectomy was started about 1 cm above the dentate line, and the distal ileum was handsewn to the anal canal after creation of a stapled ileal pouch. A few patients, operated mostly during the beginning of the inclusion period, underwent a straight IAA which was performed in a similar fashion but without pouch formation. Stapled anastomosis without mucosectomy was performed in three patients among whom the distal ileum did not reach the perineum even after extensive mobilisation and division of the ileocolic artery. Routine investigations before surgery have included gastroscopy, ileocolonoscopy, and capsule endoscopy since December 2002, and magnetic resonance imaging enterography in selected cases after January 2009. After IAA, patients were regularly followed up by the operating paediatric colorectal surgeon, a paediatric gastroenterologist, and a stoma nurse. Endoscopic examination of pouch and distal ileum was routinely performed 6-12 months postoperatively and when indicated by clinical symptoms. Oral sodium chloride substitution and loperamide medication were used to limit high stooling frequency during the early postoperative period. After the age of 18 years, patients were transitioned to adult gastroenterology services at individually tailored age.
Statistics
Data were analysed using RStudio [version 1.0.143.0] with Epi, epitools, survival, and survminer packages. Categorical variables are expressed as frequencies and continuous variables as medians and interquartile ranges. Fisher's exact test was used comparing frequencies of categorical variables. Continuous data were analysed with the Mann-Whitney U test [Wilcoxon rank sum test] and KruskalWallis or one-way analysis of variance [ANOVA] in case of three or more groups. Predictors for anastomosis survival were analysed with the Cox proportional hazards regression model by restricting the follow-up time at 10 years, in order to limit bias caused by patients' different follow-up times. Three p-values were calculated with likelihood, Wald, and log-rank tests, and the chosen method had the least statistical significance. Significance level was determined as 0.05.
Results
Patient characteristics
We identified in total 87 patients, of whom two [2%] had a diagnosis of unclassified inflammatory bowel disease [IBD-U] and the remainder of UC before surgery. Median age at diagnosis was 11.8 years and at surgery was 14.2 years [ Table 1 ]. Half of the patients [n = 43] were female. Median follow-up time from surgery was 7.8 years.
There was no operation-related mortality.
Joint disease, including arthralgia, arthropatia, and arthritis, was the most common associated disease, occurring in 14% of patients. Other associated diseases were primary sclerosing cholangitis, gallstones, asthma, pancreatitis, and thromboembolic complications, occurring each in less than 7% of patients [ Table 1 ].
Operative details
The most common indication for proctocolectomy and IAA was UC refractory to medical therapy [55%, Table 1 
Postoperative complications
Overall, 48 [55%] patients presented with a postoperative complication, of which intestinal occlusions requiring relaparotomy were the most common [ 4-7.3 ] years after surgery. One leakage occurred after colectomy but before IAA reconstruction, whereas other leakages occurred after IAA surgery. Three or more postoperative abscesses occurred in four patients, of whom three were later diagnosed with CD. Three or more fistulas were observed in two patients, both of whom were later diagnosed with CD. 
Postoperative Crohn's disease
After IAA surgery, CD was diagnosed in nine patients, representing 10% of the study sample. Median time from surgery to CD diagnosis was 6.4 [5.3-11.0 
Functional outcome and pouchitis episodes
In the whole sample, median defaecation frequency at latest follow-up was five times a day and once a night [ 
Discussion
In our study, the long-term outcomes after proctocolectomy with ileoanal anastomosis were reassuring, with 91% of patients retaining their intestinal continuity and presenting with good functional outcomes after a median follow-up of 8 years, extending beyond 15 years in quarter of the patients. In line with earlier studies, postoperative CD was clearly the most significant risk factor for pouch failure. Reflecting CD characteristics or preoperative uncertainty of the diagnosis, postoperative fistulas and abscesses, three-stage procedure, and overall postoperative complication rate were associated with an increased incidence of pouch failure. Pouch failure after IAA has been reported to occur in 2-14% of paediatric patients in the long term. [5] [6] [7] [8] [9] [10] Previous studies among children have found postoperative CD, perianal disease, pelvic sepsis, chronic pouchitis, and poor functional outcomes to be risk factors for ending up with an ileostomy. 8 Our overall pouch failure rate of 9% compares favourably with earlier studies. [8] [9] [10] 20 Further, our results demonstrate that with appropriate patient selection and prompt management of postoperative complications, only postoperative CD diagnosis remains a significant risk factor for pouch failure during follow-up. Higher pouch failure rates observed among patients with postoperative fistulas and abscesses reflect the frequency of such complications in CD. 22 Accordingly, perianal disease, frequently encountered in CD patients, and female sex, have been reported to increase the risks for pouch failure in children. 8, 19, 23 Differentiating UC from CD is particularly challenging among children. 24 Compared with adults, children present more frequently with total colonic CD, which often clinically mimics paediatric UC. 25 On the other hand, children with UC may present with clinical characteristics overlapping with CD, such as rectal sparing, segmental No HR can be calculated since all patients with pouch failure had at least one surgical complication.
CD, Crohn's disease; CI, confidence interval; HR, hazard ratio; IBD, inflammatory bowel disease. colonic disease distribution, backwash ileitis, superficial fissures, and even transmural lymphoid aggregates. 24, 26, 27 Importantly, the typical histopathological findings of CD may be missed if the diagnosis is solely based on mucosal biopsies, underlining the importance of appropriate differential diagnostics. 24 In our sample, patients with later CD diagnosis were more likely to be operated in three stages, reflecting uncertainty of the diagnosis before surgery despite extended diagnostic work-up or a severe phase of the disease. This suggests that even full histopathological assessment of colonic specimens has limited additional value for identification of CD. A threestage procedure with separate colectomy is indicated when the patient presents acutely with severe symptoms such as toxic megacolon or uncertain diagnosis of UC, or when problems such as growth delay, steroid dependence, or malnutrition favour weight gain or tapering of corticosteroids before the IAA procedure. 28 Some centres delay creation of the pouch after proctocolectomy until adolescence. 21, 29, 30 However, the results obtained in our study among patients with retained ileoanal continuity support operative management during childhood unless the possibility of CD is of a special concern.
After proctocolectomy with IAA, as many as 45-75% of paediatric patients have at least one postoperative complication, 5, 8, 17 which associates with worse long-term outcomes and impaired quality of life. 5, 7, 8, 23 Overall, our postoperative complication rate was similar compared with earlier studies. Fistulas and abscesses have been reported to occur in 10-30% and 12-35% of children after IAA, respectively, and their occurrence relates closely with postoperative CD diagnosis. [5] [6] [7] [8] 10, 16, 17 In our sample, the frequency of postoperative strictures and leakages was similar or lower than previously reported. [5] [6] [7] [8] 16, 18 Interestingly, strictures and leakages were equally common among patients with UC or CD, and they did not influence the prognosis of the anastomosis, suggesting that such complications themselves do not worsen the outcome when managed appropriately. Similar to previous findings, 5, 17 reoperations particularly due to bowel obstructions were very common, occurring in almost half of our patients. However, the need for relaparotomy itself or the occurrence of postoperative bowel obstruction or haemorrhage did not influence the prognosis of the pouch. IBD patients appear highly susceptible to complications regardless of the type of surgical approach, since laparoscopic proctocolectomy has not been shown to decrease the risk for reoperations. 31, 32 After proctocolectomy with IAA during childhood, patients present with an average daily defaecation frequency of 4-7 and 1-2 during the night, 5, 6, [16] [17] [18] 20 as reported also among our patients. Both bowel movements and incontinence rates tend to increase in the long run, 9 but functional outcomes among children still appear excellent after 15 years 9, 17 [no longer follow-ups yet exist]. Severe incontinence is rare 5, 16, 17 but relates to an increased pouch failure rate; also in our patients, those with later conversion to ileostomy presented with higher defaecation frequencies. Pouchitis episodes relate to worse functional outcomes and occur in 23-48% of patients after surgery. 6, 8, 18 Over half of our patients had experienced clinical symptoms of pouchitis, but data were missing in a subset of children. We speculate that since functional outcomes are less likely registered among asymptomatic patients, the missing data may negatively distort our results. Chronic pouchitis has been previously found to increase the risk for pouch failure 11, 13 but was rare in our sample, and showed no associations with functional outcomes or pouch failure.
The primary limitation of our study is the retrospective data collection resulting in incomplete capture of pouchitis and continence data. On the other hand, the long and complete follow-up for the primary outcome measure pouch failure, inclusion of only children and not young adults, and monitoring the patients in the same institution where IAA surgery was carried out, are among the strengths of the present study, enabling a reliable analysis of the long-term outcomes.
In conclusion, postoperative CD is the most significant risk factor pouch failure after IAA. Need for three-stage surgery, and postoperative fistulas and abscesses associated with CD, increased the risk for IAA failure. Differentiating UC from CD remains challenging, and despite extensive diagnostic work-up, in approximately one out of 10 patients the preoperative diagnosis will later be revised to CD. Among UC patients, postoperative complications occur at an acceptable frequency and they do not impair the prognosis of the pouch.
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